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Study objective: To explore the rapid rise of the extremely old population, showing the magnitude of the
increase and indentifying demographic mechanisms underlying this increase.
Design: Demographic analysis using census data, yearly population estimates, and mortality statistics.
Setting: Switzerland 1860–2001.
Main results: Indicators suggest a strong increase in the number of nonagenarians and centenarians in
Switzerland as compared with other countries. The increase is mostly attributable to the decline in mortality
after age 80. This decline started in the 1950s.
Conclusion: Nonagenarians and centenarians constitute a new population, which became sizeable after
1950 in Switzerland. There is a need to monitor this population with appropriate demographic and
epidemiological indicators.

W
orldwide, life expectancy at birth (LE[0]) has more
than doubled over the past two centuries, increasing
from 25 to 65 years for men and to 70 years for

women in developed countries.1 In some industrialised
countries, LE[0] for women has increased by three months
per year for 160 years.2 Current values of LE[0] in Switzerland
are 77.2 (men) and 82.8 (women).3 As noted by Oeppen and
Vaupel,2 if the current trends are to continue in the future,
LE[0] will reach 100 in about six decades.
One consequence is the rapid increase in the number of

nonagenarians, centenarians, and supercentenarians.4 Such
an increase is particularly impressive in North America,5

Europe,6 7 or Japan,8–10 where the number of centenarians
has been doubling every 10 years since the 1960s.4

Although the public health implications of increased
longevity are widely recognised,11 12 substantial efforts have
still to be made to reach a better understanding of the
dynamics of increase in the population of the oldest old.13–20

In this perspective, the magnitude and rate of increase in
the population aged 90 or more have been explored in
Switzerland since 1860. Furthermore, the demographic
mechanisms underlying this increase have been investigated.
Relative to other European countries, Switzerland has
suffered less from major disasters, such as war, over the
past 150 years. Although this uniqueness may limit the
generalisability of the results, it allows for observation of a
long series of demographic data on longevity.

POPULATION AND METHODS
Given the exploratory nature of the analysis, classic demo-
graphic indicators and new longevity indicators have been
used to measure the prevalence of population at extreme age
(from census data and intercensus estimates) and its
mortality (mainly through life expectancy).
Decennial censuses, conducted at the beginning of

December every 10 years since 1860 (an exception was
1940, replaced by a census in 1941), provide direct counts of
people by age year.
Yearly estimates of the population counts have been

available since 1860, every 31 December, up to the age of
99 years (that is, a single category includes people aged 99
and more).

The centenarian doubling time is the number of years
needed to double the number of people aged 100 and more in
a community; it is calculated from the annual increase in the
absolute number of centenarians.
Life expectancy (LE) has been computed from period life

tables—that is, as a composite indicator summarising the
mortality rates at a given time. Period LE describes the
survival pattern of a fictitious cohort of people experiencing
at all ages the mortality rates observed during this period in
the population. LE is computed as the number of years lived
by lx+1 people at age x, plus half a year lived by lx–lx+1 people
(to take into account the fact that a person lives on average
half a year in the year of death); the total amount of lived
years is then divided by the number of people at age x.
The centenarian rate (CR) is an estimate of the ‘‘produc-

tion’’ of centenarians by a population. It is the number of
survivors aged 100 at a given date divided by the size of the
corresponding cohort at a given age, for example, a cohort at
birth (CR[0]), at 80 years (CR[80]), etc. For example CR[60] is
the number of centenarians produced by the people alive 40
years before (that is, when they were aged 60 years).
The number of deaths for people aged 100 and more has

been available in Switzerland since 1940.3 21 22

The mortality of centenarians has been estimated by
dividing the number of deaths at age 100 by the census
estimate of the number of people aged exactly 100 years at
the census.
Census counts, intercensus estimates, and vital statistics

have been made available by the Swiss Federal Office of
Statistics (SFOS) via existing publications.23–25

RESULTS
Figure 1 shows the secular change in life expectancy for the
period 1876–2001. Apart from a substantial decrease in
1918*,26–28 life expectancy at birth (LE[0]) increased by 98% for

Abbreviations: LE, life expectancy; CR, centenarian rate; CDT,
centenarian doubling rate

*Influenza devastated Switzerland in 1918 with a two peak epidemic
(July, then October to November); about 58% of the population was
infected; the estimated number of deaths was 20 000, most of them in
the age range 20 to 50 years, out of a population of 3.9 millions (as of 1
January 1918).
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men and by 96% for women. The figure suggests two periods
characterised with different rates of increase: the annual
increase of LE[0] was four or five months per year before 1950
(0.37 year for men, 0.39 year for women), followed by a
second period marked by a slower rate of increase (only three
months per year after 1950: 0.22 year for men and 0.24 year
for women).
The centenarian doubling time is the number of years

needed to double the number of people aged 100 or more in a

community; it is calculated from the annual increase in the
absolute number of centenarians.
Figure 1 also shows the trends in life expectancy at age 60

(LE[60]) and at age 80 (LE[80]). Over the entire period, LE[60]

increased by 81% (men) and 109% (women). For LE[80],
corresponding figures are 73% and 106%, respectively. As for
LE[0], the rate of increase differs over the period. Until 1920,
LE[60] and LE[80] increase slower than LE[0], or even fluctuate
around the 1876 values. Around the 1950s, in contrast, both
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Figure 1 Life expectancy at birth
(LE[0]), at age 60 (LE[60]) and at age 80
(LE[80]), by gender. Switzerland, 1876–
2000.
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Figure 2 Number of deaths at age
100 and over, by gender. Switzerland,
1940–2000 (Insert shows the same
data, with the number of deaths on a
log scale).
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Figure 3 Maximal age at death
recorded each year, by gender (solid
lines represent the quadratic adjustment
of the individual values, bold upper line
for women, thin lower line for men).
Switzerland, 1876–2001.
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LE[60] and LE[80] increase more rapidly than before, and more
rapidly than LE[0]. The change in the rate of increase is more
pronounced among women than among men.
An indirect estimation of longevity is to plot the number of

deaths of people aged 100 and more, information available
since 1940 in Switzerland. This number increased, from less
than 10 deaths to 66 (men) and 295 (women) as shown in
figure 2. The insert (with a semi-log scale) shows that this
increase was roughly constant throughout the period. Despite
the large difference between men and women in the absolute
number of centenarians, the increase rate is similar across
genders. The trend is erratic at the beginning at the period,
partly because of the smaller numbers.
Another indirect approach is to look at the yearly maximal

age at death—that is, the highest duration of life recorded at
a given calendar year. In figure 3, each point represents the
maximal ages reached in each gender. The increase is obvious
in both genders, with higher values for women than for men
(see quadratic adjustment). An acceleration of the increase is
visible in the 1940s and 1950s. Mean maximal age at death
was about 102 years between 1880 and 1920 (101.7 for men,
102.3 for women). It then reached 104 years between 1920
and 1960 (mean values: 103.7 for men, 104.4 for women),
and currently reaches 110 years (mean values from 1961 to
2001: 106.9 for men, 108.5 for women).
Using yearly estimates of the number of people aged 90

and more, figure 4 shows the trend for the period 1860–2001.
Three periods can be distinguished: (a) before 1900, a rather

constant number of people aged 90 and more around 650, (b)
between 1900 and 1945, a steady increase, reaching 2000
persons in 1945, (c) after 1945, a steeper increase, up to
47 000 persons in 2000. Thus, the number of people aged 90
and more has been multiplied by 3 between the first and the
second period, and multiplied by 25 between the second and
the third period. The distribution between age groups has
remained steady over the period: there are 10 times more
people aged 90 years and more than people over 95, and 10
times more people over 95 years than people of 99 and more.
This can be taken as a rule of thumb valid over the entire
period.
An exact enumeration of people aged 100 and more is

available only in census years. At the last census (1 December
2000), 364 persons were aged exactly 100 years, out of
796 persons aged 100 and more. The 15 point prevalence
estimates available from 1860 to 2000 are plotted in figure 5.
The number goes from 10 (1860) to 796 (2000)—that is, a
multiplication by 80 in 140 years. The number of centenar-
ians decreases at the end of the 19th century from the 1860
census. Their number remains extremely low during the first
decades of the 20th century, with some fluctuation during
the period 1930–1950 and a maximum reached in 1940. From
1970 onwards, the number of enumerated centenarians
clearly increases.
An obvious determinant of the number of centenarians is

the size of the population aged less than 100. The centenarian
rate for birth cohort (CR[0]) controls this size effect, using the
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Figure 4 Number of people aged 90
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more. Switzerland, yearly estimates,
1860–2001.
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ratio of the number of people aged exactly 100 at a given
census divided by the number of births recorded 100 years
before this census. CR[0] can be estimated for the past four
censuses in Switzerland, corresponding to four birth cohorts
(1860, 1870, 1890, and 1900). A similar indicator is the
CR[60]—that is, the rates of centenarians in the cohort of
people aged 60 years.

Table 1 shows the centenarian rates, CR[0] and CR[60],
increase in both genders. Overall, CR[0] goes from 1.5
centenarians per 10 000 births in 1860 (0.8 for men, 2.2 for
women) to 38.6 in 1900 (11.6 for men, 66.8 for women). The
increase is more pronounced among women. Values are
higher for CR[60] (as expected because of the selective effect
of mortality before the age of 60), but follow a similar
pattern: CR[60] increases from 2 to 22 for men and from 5 to
100 for women. A slowing down in the increase of CRs is
apparent since the 1980s.
The advantage of women over men is striking: female

CR[0] is always larger than male CR[60], and this advantage
increases over the period. Table 1 also shows that the ratio
CR[60]/CR[0] is always larger among men than among
women, suggesting that the selective effect of early mortality
is stronger for men than for women. A further point to note is
that, in both genders, the ratio CR[60]/CR[0] decreases over
the period: this is compatible with a stronger decrease in
mortality after the age of 60 than before this age.
Table 2 shows the evolution of the number of centenarians

taking the 1870 birth cohort as standard. The increase is
evident in both genders, but is more pronounced for women.

Table 1 Centenarian rates for cohorts at birth (CR[0]) and for cohorts at age 60 (CR[60]),
by gender. Switzerland, centenarians at census 1960, 1970, 1980, 1990, and 2000

CR[0] CR[60] Ratio CR[60]/CR[0]

Men Women Men Women Men Women

1960 0.8 2.2 2.2 4.8 2.8 2.2
1970 2.2 6.5 5.7 13.7 2.6 2.1
1980 5.6 16.3 13.5 32.1 2.4 2.0
1990 6.2 38.2 13.0 62.6 2.1 1.6
2000 11.6 66.8 21.6 99.3 1.9 1.5

The centenarian rate is the number of survivors aged 100 at a given date divided by the size of the corresponding
cohort at a given age, for example, at birth one century before (CR[0]) or at age 60 years, 40 years before (CR[60]).

Table 2 Number of centenarians and centenarian
doubling time, by gender. Switzerland, birth cohorts
1870, 1880, 1890, and 1900, standard = 1870

Men Women

Number of centenarians at census,
standardised for birth cohort size
(standard = 1870)

1970 8.0 19.8
1980 23.3 63.1
1990 23.3 145.0
2000 53.5 294.5

Centenarian doubling time
1970–1980 6.5 6.0
1980–1990 – 8.3
1990–2000 8.4 9.8

Table 3 Determinants of the increase in the number of centenarians: cohort size at
selected ages, probability of survival (%) between selected ages, and increase factors.
Switzerland, 1870 and 1900

Men Women

1870 1900 factor 1870 1900 factor

Cohort sizes
At birth 40570 48223 1.2 38638 46093 1.2
at 80 4086 9065 2.2 6185 17304 2.8
at 100 9 53 6.2 23 294 12.5

Survival in %
From birth to 80 10.1 18.8 1.9 16 37.5 2.3
From 80 to 100 0.21 0.58 2.8 0.38 1.7 4.5

Table 4 Mortality of people aged 100. Switzerland, vital statistics and census data,
1960–2000

Men Women

Number deaths
at age 100
during the
census year

Number aged
100 at census

Mortality
estimates
(%)

Number deaths
at age 100
during the
census year

Number aged
100 at census

Mortality
estimates
(%)

1960 3 3 100.0 6 8 75.0
1970 4 9 44.4 17 25 68.0
1980 8 24 33.3 31 67 46.3
1990 13 25 52.0 56 147 38.1
2000 33 56 58.9 112 308 36.4
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However, the centenarian doubling time (CDT) decreases
among women, from six years in the 1970s (that is, six years
were necessary to double the absolute number of centenar-
ians) to 10 years currently. The small numbers confuses the
situation among men.
Table 3 shows an attempt to disentangle the determinants

of the increase in centenarians from the cohort 1870 to the
cohort 1900. For women, the number of centenarians has
increased by a factor of 12.5. Part of this increase is explained
by the increase in the cohort size by a factor of 1.2. The
remaining effect is attributable to a mortality decline, which
is broken down into (a) an effect of early mortality (between
birth and age 80), and (b) an effect of late mortality (between
80 and 100). For example, among women, the improvement
in early mortality is estimated by the increase in survival
between birth and age 80 (by a factor of 2.3), and the
improvement in late mortality by the increase in survival
between 80 and 100 (by a factor of 4.5). The multiplicative
model for the increase in centenarians thus includes three
factors of change (size of the birth cohort and two elements
of mortality) to determine the increase in female centenar-
ians (1.262.364.5=12.5). According to this, the decline in
mortality after 80 explains more than half of this increase,
and the decline in mortality from birth to 80 explains another
third.
The same proportions can be found among men, as shown

in the table 3.
Table 4 shows the trend in mortality among centenarians

during the past 40 years, as estimated by the number of
deaths occurring around the census. There is a clear decline
from 75% to 36% among women. The trend is less obvious for
men, probably related to the smaller number involved.

DISCUSSION
This paper explores the rapid emergence of a new population
in Switzerland, the oldest old, and gives some clues to the
mechanism underlying this increase. It shows that the
emergence of the extremely old population is mainly related
to the decrease in mortality at old age, that the critical period
for change occurred in the 1950s, and that women are well in
advance of men.
This study uses routine demographic data. Sophisticated

data on health status, disease, life trajectories, etc, are not
routinely available over long periods in most countries,
including Switzerland. Even cause of death is notoriously
difficult to use for the epidemiology of old and very old

populations, not to mention the problem of secular trend in
the assessment of cause of death.29–33

An astute use of demographic data is therefore indicated.
An obvious advantage is that these data have been collected
in a standardised manner: this allows for comparison over
long periods (since 1860 in this study) and across many
communities.
Several indicators have been suggested to capture morta-

lity of the oldest old, such as the method of the extinct
cohorts,34 35 the centenarian rate, the centenarian doubling
time,10 etc. Life expectancy is also used,36 but suffers from
drawbacks when used in small populations as for centenar-
ians. The best approach is probably to use several indicators
and to identify convergence between them.
Centenarian rate deserves a special comment: it is an

attractive tool to compare populations over time and across
communities, controlling for the size of birth cohorts, infant
mortality, past migrations, and policies of naturalisation. A
major problem in Switzerland is the effect of migration
affecting the cohort since its inception: naturalisation is a
major part of population change. For example, from 1971 to
2001, 240 000 persons became Swiss—that is, about 10% of
the total number of births during this period (12.5% of births
of Swiss citizens and 41.9% of foreign births). On the other
hand, most of those who will become Swiss are born in
Switzerland, and 21% of them are aged 10 when they
acquired a Swiss passport�.
The CR[60]—that is, the ratio of the number of centenar-

ians to the number of the population 40 years before—has
been proposed by Caselli to overcome the problem of
migration inherent to the use of CR[0]: the population
between 60 and 100 is not likely to migrate and/or to change
nationality. In Switzerland, between 1971 and 2001, only
3.5% of naturalisations occurred at 60 years or later. A further
advantage of the CR[60] is the control of other potential
confounders such as infant mortality, which affect the
number of centenarians when comparing countries with
different infant mortality.
In any case, a condition for the use of demographic indi-

cators is the improvement and maintenance of data quality,
especially that related to the elderly population. Extreme age
was unreliable in Switzerland until the 1950s, despite the fact
that the maintenance of demographic statistics was set as a
federal task more than one century ago (the first nationwide
census was carried out in 1860, and vital statistics have been
collected since the 1870s). Before 1950, the number of cen-
tenarians fluctuates erratically, with even a decline between
1860 and 1940. A similar pattern has been noted in
Denmark,37 38 with a decreasing trend in centenarians in the
last decades of the19th century and in the first decades of the
20th century.
Huge improvements in obtaining demographic data have

been made in low mortality countries. However, there are still

�Unlike other countries, being born in Switzerland does not imply Swiss
citizenship: a formal request has to be made, and accepted by the
federal, cantonal, and communal authorities. As a general rule,
residence of at least 12 years is a pre-condition.

Key points

N Worldwide, life expectancy of men at birth has
increased from 25 to 65 years over the past two
centuries

N In some countries, female life expectancy has increased
by three months per year for 160 years

N As a consequence, the number of centenarians is
rapidly increasing, doubling every 10 years since the
1960s

N A key period in Switzerland is around 1950, when
mortality after age 60 started to decrease rapidly and
consistently

N The increase in centenarians is similar across genders
despite a large difference in absolute numbers between
men and women

N The decline in Swiss mortality after 80 explains more
than half of this increase

Policy implications

N Trends in longevity should be monitored to reach a
better understanding of underlying mechanisms

N Suggested indicators to monitor longevity include life
expectancy, number of deaths beyond age 100,
maximal age reported at death, centenarian doubling
time, centenarian rate
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difficulties with the enumeration of aged people and their
deaths. Recent findings suggest that the number of oldest old
is still biased, perhaps with a gender specific bias.39

Apart from these points on data and indicators, some
observations deserve specific remarks. The first is related to
the increase in the number of centenarians. All indicators
converge to suggest that the increase in Switzerland has been
strong, one of the strongest rates, together with Japan. This
corresponds to an increase in longevity, which has been
observed in other countries,2 but is particularly visible in
Switzerland because of the lack of major disasters during the
past 150 years. This pattern of increase suggests that a
combination of factors (rather than a single factor) played a
part, related to sanitation, income, nutrition, and health
care.1

On the other hand, there is a clear change in the 1950s,
with the decline in mortality becoming more rapid. A similar
pattern has been observed in Sweden,40 with a pace of
increase in longevity of 0.44 years per decade before 1969,
accelerating to 1.11 years per decade after that date. The
1950s have been found crucial for the emergence of the
oldest old in France (Robine, personal communication).
Causal explanation can be related either to contemporary
improvement during the 1950s (that is, sanitary and socio-
economic environment directly benefiting the old and the
oldest old such as antibiotic treatment for pneumonia,
pension scheme for the elderly population, etc), or to past
improvements in the corresponding birth cohorts. It is
difficult to disentangle these factors within the scope of this
paper. The improvement in the socioeconomic situation in
Switzerland has been massive since the second world war,
with direct benefits for old persons. A study in Sweden for
the years 1861 to 199941 suggests that mortality among people
aged 90–94 is directly correlated with general wealth as
measured by manufacturing wages. It is less easy to identify
similar improvements for the history of birth cohorts born in
1890 and after (that is, those aged 60 and over in the 1950s):
these were confronted with two wars (of less dramatic
impact in Switzerland than elsewhere, but still a challenge)
and a pronounced economic crisis in the 1930s.
Another important point is that, in both genders, almost

two thirds of the increase in the number of centenarians is
attributable to the improvement of mortality after 80; one
third to improvement of mortality before 80, and less than
10% being attributable to the size of the birth cohorts. A
recent study in Sweden also shows that more than 70% of the
increase in maximum age at death from 1861 to 1999 is
attributable to reductions in death rates above age 70.40

A last point is the slowing down of the mortality decline at
older age, as suggested by the increase in the centenarian
doubling rime (in women). This is worth mentioning because
several countries still enjoy a strong decline in mortality at
old age,42–47 notably Japan and France.9 10 The deceleration
observed in Switzerland may be more in line with what has
been reported in Denmark, England and Wales, Norway
(with a stabilisation or even an increase in mortality at old
age between 1986/90 and 1991/9448) and the Netherlands
(with LE[60] increasing in the 1970s and 1980s, whereas
LE[85] declining since 1980/84 among men and since 1985/89
among women36).
Possible explanations for this slowing down include

epidemics of influenza, concomitant aspects of healthcare
delivery (for example, the development of euthanasia), or
lifestyle changes in adulthood or infancy (for example,
change in the prevalence of smoking). More analyses are
needed to relate secular changes in these possible determi-
nants with the slowing down observed here. Another possible
cause of this slowing down is the increasing frailty of this
population: although the concept is still elusive, the idea that

decreasing mortality among the youngest old may have
produced a frailer oldest old population is attractive.49 Finally,
another explanation could be related to rectangularisation:
because this decrease is observed in countries with very
extended life expectancy, the slowing down of mortality at
extreme age is also compatible with early signs of rectan-
gularisation of the survival curve.50 51 However, more studies,
particularly comparative studies, on the emergence of
extremely old populations in low mortality countries are
required.
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